Introduction

14
The way we perceive phonetic categories (i.e. basic speech sounds such as consonants 15 and vowels) is largely determined by the language(s) to which we were exposed as 16 a child. For example, native speakers of Japanese have a hard time discriminating 17 between American English (AE) /ô/ and /l/, a phonetic contrast that has no equiva-18 lent in Japanese (Goto, 1971; Miyawaki et al., 1975) . Perceptual specialization to the 19 phonological properties of the native language has been extensively investigated using proposed theoretical accounts of this phenomenon concur that foreign sounds are not 22 perceived faithfully, but rather, are 'mapped' onto one's pre-existing (native) phonetic 23 categories, which act as a kind of 'filter' resulting in the degradation of some non-24 native contrasts (Best, 1995; Flege, 1995; Kuhl and Iverson, 1995; Werker and Curtin, 25 2005). In none of these theories, however, is the mapping specified in enough detail to 26 allow a concrete implementation. In addition, in most of the existing theories 1 , even if 27 a fully specified mapping was available, it remains unclear how predictions on patterns
28
of error rates could be derived from it (the filtering operation). These theories remain 29 therefore mainly descriptive.
30
In this paper, we propose to leverage ASR technology to obtain fully speci-
31
fied mappings between foreign sounds and native categories and then use the machine
32
ABX evaluation task (Schatz et al., 2013; Schatz, 2016) to derive quantitative pre-
33
dictions from these mappings regarding cross-linguistic phonetic category perception.
34
More specifically, our approach can be broken down into three steps. First, train a 35 phoneme recognizer in a 'native' language using annotated continuous speech record-
36
ings. Second, use the trained system to derive perceptual representations for test stimuli 37 in a foreign language. In this paper, these will be vectors of posterior probabilities over 38 each of the native phonemes. Third, obtain predictions for perceptual errors by run-39 ning a psychophysical test over these representations for each foreign contrast. Machine
40
ABX discrimination tasks will be used for this.
41
To showcase the possibilities offered by the approach, we look at predictions 42 obtained for three empirically-attested effects in cross-linguistic phonetic category per-
43
ception. The first two effects are global effects that apply to the set of phonetic con-
44
trasts in a language as a whole. First: native contrasts tend to be easier to distinguish 45 than non-native ones (Gottfried, 1984) . Second: patterns of perceptual confusions are 46 function of the native language(s): two persons with the same native language tend to confuse the same foreign sounds, which can be different from sounds confused by 48 persons with another native language (Strange, 1995) . Thanks to the quantitative and 49 systematic nature of the proposed approach, these effects are straightforward to study.
50
We show that ASR models can account for both of them. implementation levels (Marr, 1982) . Native speech perception is thought to arise pri-
78
marily from a need to reliably identify the linguistic content in the language-specific 79 speech signal to which we are exposed, despite extensive para-linguistic variations.
80
ASR systems, whose goal is to map input speech to corresponding sequences of words,
81
face the same problem. ASR systems seek optimal performance, and can thus be inter-
82
esting as potential normative models of human behavior from an efficient coding point
83
of view (Barlow, 1961) , even though biological plausibility is not taken into account in 84 their development.
85
We found two previous studies taking steps in the proposed direction. Native phonetic categories are easier to distinguish than non-native categories 189 (Gottfried, 1984) . This is consistent with the predictions of our models shown in Figure   190 April 26, 2018 The specific confusions we make between sounds of a foreign language differ 203 according to our native language (Strange, 1995) . Consistent with this effect, Figure 2 /ɹ/-/l/ contrast /w/-/j/ contrast All consonant contrasts
Vietnamese test stimuli (from GPV) Fig. 3. (color online) Comparison of the ABX error-rates obtained with the input features, with the two AE models and with the Japanese model on the AE /ô/-/l/ contrast. ABX Error-rates for the /w/-/j/ contrast and ABX Error-rates averaged over all consonant contrasts of AE are also shown as controls. Left: using stimuli from the WSJ corpus test set. Right: using stimuli from the BUC corpus test set. more than the discriminability of two controls. This is observed both when using test (Strange, 1995; Cutler, 2012 ) and the empirical adequacy of the proposed 251 models with respect to more of these effects will need to be determined before any The authors would like to thank Naomi Feldman, Alex Cristia and anonymous review- 
